ABSTRACT: Inclusion of feedstuffs with higher plant cell wall (fi ber) content in swine diets has increased in recent years due to greater availability and lower cost, especially coproduct feeds, such as corn distillers dried grains with soluble (DDGS). Limitations of feeding higher fi ber diets include increased fecal output, which can exceed manure storage volumes, and decreased energy density, which can decrease growth performance; dietary treatments that ameliorate these limitations would benefi t pork producers. Grower pigs (n = 48; 61.1 kg initial BW) were used to establish the effects of supplementation of fi ber-fermenting bacteria in a 2 × 4 factorial, consisting of 2 diets (standard and high fi ber) and 4 bacterial treatments (A, no bacteria; and B, C, and D bacterial supplements). Increased fi ber came from inclusion of soybean hulls (10%) and corn DDGS (20%) in the diet. The 3 bacterial supplements (all Bacteroides strains) were isolated from fecal enrichment cultures and selected for their fi ber-fermenting capacity. The high fi ber diet increased fecal output, blood cholesterol, and triglyceride concentrations, and digestibility of NDF, ADF, and S; CP digestibility decreased (P ≤ 0.10). The improved fi ber digestibility and altered energy status of pigs fed the high fi ber diet was primarily due to fermentation of soybean hulls, resulting in increased short-chain fatty acid production and absorption, and decreased dietary starch content. Overall, pigs fed the bacterial treatments had only increased blood cholesterol concentrations (P = 0.10). When individual bacterial treatments were compared, pigs fed Bacteria B had decreased fecal output (P ≤ 0.10) and both blood glucose and cholesterol concentrations were increased (P ≤ 0.10) compared with the other 3 treatments, indicating an improved energy status. Pigs fed Bacteria B increased both CP and ADF (P ≤ 0.10), and tended (P = 0.16) to have increased NDF digestibilities compared with pigs fed no bacteria (Treatment A), whereas pigs fed the other 2 bacterial treatments did not differ from pigs fed Bacteria B for nutrient digestibility. Both had similar fecal outputs to pigs fed no bacteria. This is the fi rst report of reduction in fecal output and increased fi ber digestibility with pigs fed live bacteria. Successful application of this bacterial treatment could result in improved pig performance and decreased manure volumes, both of which would improve profi tability of producers.
the high fi ber diet was primarily due to fermentation of soybean hulls, resulting in increased short-chain fatty acid production and absorption, and decreased dietary starch content. Overall, pigs fed the bacterial treatments had only increased blood cholesterol concentrations (P = 0.10). When individual bacterial treatments were compared, pigs fed Bacteria B had decreased fecal output (P ≤ 0.10) and both blood glucose and cholesterol concentrations were increased (P ≤ 0.10) compared with the other 3 treatments, indicating an improved energy status. Pigs fed Bacteria B increased both CP and ADF (P ≤ 0.10), and tended (P = 0.16) to have increased NDF digestibilities compared with pigs fed no bacteria (Treatment A), whereas pigs fed the other 2 bacterial treatments did not differ from pigs fed Bacteria B for nutrient digestibility. Both had similar fecal outputs to pigs fed no bacteria. This is the fi rst report of reduction in fecal output and increased fi ber digestibility with pigs fed live bacteria. Successful application of this bacterial treatment could result in improved pig performance and decreased manure volumes, both of which would improve profi tability of producers.
INTRODUCTION
There has been a resurgence of interest in improving the ability of pigs to use feeds with high plant cell wall content (hereafter referred to as fi ber). Until recently, the low cost of corn and soybean meal reduced the need to use other feedstuffs to any degree. With the high availability and relatively low cost of biofuel coproducts, such as distillers dried grains with soluble (DDGS), feeding pigs diets that contain signifi cant amounts of fi ber (cellulose, xylan, β-glucans, and other nonstarch polysaccharides) has increased. Recently, Kerr et al. (2010) discussed the challenges with defi nitions and analysis of the fi ber fraction in feeds, as well as the value of these components as an energy source for swine. Depending on dietary fi ber type, animal age or BW, and feeding regime, between 7% and 30% of the energy requirement of pigs can be supplied by absorbed short-chain fatty acids (SCFA, Kass et al, 1980; Rérat et al., 1987; Yen et al., 1991) .
Addition of exogenous carbohydrase enzymes has been the primary method investigated to increase digestibility and energy supply to the pig from fi ber-rich feeds. The use of these enzymes targets the release of sugars from fi brous carbohydrates for absorption in the small intestine and direct use by the pig, rather than microbial fermentation before SCFA absorption. Even though the large intestine is the primary site of microbial fermentation of fi ber and subsequent production of SCFA, few studies have explored this route to improve the energy available to the pig. Using a probiotic-like approach, we determined whether feeding fi ber-fermenting bacteria to pigs would improve nutrient digestibility, energy status, and decrease fecal output.
MATERIALS AND METHODS
All procedures involving animal handling and testing were reviewed and approved by the Iowa State University Committee on Animal Care.
Female PIC (n = 48; Pig Improvement Corporation, Lexington, KY) grower pigs were used to establish the effects of feeding fi ber-fermenting bacteria with standard and high fi ber diets. Treatments were arranged as a 2 × 4 factorial, consisting of 2 diets and 4 bacterial treatments. Pigs (initial average BW 61.1 kg ± 2.3 kg) were randomly assigned to experimental treatments and housed in 2 environmentally controlled rooms with individual pens at the Iowa State University Swine Nutrition Farm. Diet composition is presented in Table 1 and consisted of control (3,330 kcal/kg metabolizable energy, 14% crude protein, 6.3% hemicellulose, and 2.7% cellulose) and high fi ber (3,330 kcal/kg metabolizable energy, 14% crude protein, 10.4% hemicellulose, and 7.7% cellulose) diets. Pigs were adapted to the pens and diets for 7 d, offered feed for ad libitum intake, and had free access to water. One group of 24 pigs was fi tted with cannula placed in the cecum by Iowa State University veterinary staff to obtain samples of cecal digesta to determine whether bacterial isolates reached the cecum.
Bacterial treatments consisted of either no bacteria (A) or 1 of 3 Bacteroides isolates (B, C, and D; Table  2 ). The bacteria were isolated from cellulose and xylan enrichments with human feces, and were selected based on growth rates, using these substrates (C. J. Ziemer, B. J. Kerr, S. Arcidiacono, A. J. Ragauskus, and M. Morrison, unpublished data). Before bacterial treatment and after diet adaptation, pigs were acclimated to consuming (Ziemer et al., 2009 ). 2 Laboratory isolate identifi er. 3 Carbohydrate that strain was originally isolated on. 4 Data obtained using Mega-BLAST program (NCBI). 20 mL of a 50:50 mixture of food-grade glycerol (Sigma-Aldrich, St. Louis, MO) and Wilkins-Chalgren broth (Fisher Scientifi c, Inc., Pittsburgh, PA) orally via a syringe at 0900 h daily for 2 wk. Bacteria were grown anaerobically in 100 mL of Wilkins-Chalgren broth (1 mL of overnight bacterial growth inoculated into 100 mL of broth) for 24 h at 38°C. Bacterial doses were prepared each morning by mixing bacterial culture with sterile anaerobic glycerol in the ratio of 1:1. Under anaerobic conditions (Coy Chamber, Coy, Grass Lake, MI), the glycerol-bacteria mixture was placed in sterile 20-mL syringes. Filled syringes were placed, by treatment, into gas packs (Mitsubishi Anaero Pack, Fisher Scientifi c) and sealed before transport to the farm. Pigs were dosed orally at 0900 h daily throughout the experiment.
Before sampling, 3 wk after treatment initiation, 24 pigs at a time were moved into metabolism crates (1.2 m × 2.4 m) for 11 d. On d 7 to 11 (corresponding to 28 to 32 d on bacterial treatments), total dietary intake, fecal output, and urinary output were measured. During each sampling day, samples of feed and feed refusals were taken, and 10% of the fecal output of each pig was pooled to determine total tract nutrient digestibility. Blood was collected from the jugular vein into vacuum containers containing sodium heparin (Becton Dickinson, Franklin Lakes, NJ) on d 1 and 11. Blood samples were centrifuged at 3,500 × g at 4°C and resulting plasma was stored at -20°C until analyzed for energy metabolites and insulin concentration.
Feed, feed refusals, and fecal samples were dried before chemical analysis. Carbon, N, and S were analyzed using a VarioMAX CNS analyzer (Elementar Analysensysteme GmbH, Hanau, Germany). Other nutrients were analyzed in feed, feed refusals, and feces by Minnesota Valley Testing Laboratories (New Ulm, MN) using AOAC-approved methods for ash, crude fi ber, ADL, and CP.
Plasma glucose concentrations were determined using an enzymatic kit (GAHK20, Sigma-Aldrich) based on hexokinase activity. Plasma cholesterol and triglycerides were quantifi ed using enzymatic kits (C7510 and T7531, respectively, Pointe Scientifi c, Canton, MI). The intra-assay and interassay CV for the cholesterol assay were 0.8% and 1.1%, respectively, and the intra-assay and interassay CV for the triglyceride assays were 1.0% and 2.9%, respectively. Serum insulin concentrations were determined using a porcine-specifi c insulin ELISA kit (10-1129-01, ALPCO, Windham, NH). The insulin ELISA has a range of detection of 0.02 to 1.5 ng/mL and intra-assay and interassay CV <10%.
Data were analyzed as a 2 × 2 × 4 randomized block design with 2 groups of pigs, 2 dietary treatments, and 4 bacterial treatments. Statistics were performed using Proc GLM of SAS (SAS Inst. Inc., Cary, NC); no interactions were signifi cant (2-way: group × diet, group × bacteria, and diet × bacteria; and 3-way: group × diet × bacteria), so they were removed from the fi nal model. Two preplanned bacterial contrasts were tested; no bacterium addition vs. bacterial addition and bacteria isolated from cellulose vs. bacteria isolated from xylan. Effects were considered signifi cant if P ≤ 0.10. Data are discussed relative to a protected F-test for main effects and an unprotected F-test using preplanned comparisons among bacterial treatments. The use of both statistical analyses provides means for an unbiased discussion of the data (Barnette and McLean, 1998) .
RESULTS AND DISCUSSION

Bacterial Treatment Effects
Daily feeding of fi ber-fermenting bacteria was chosen using probiotics as a model. In general, during daily intake of food containing probiotics, such as yogurt, probiotic bacteria can be detected in feces during the ingestion period and for a short time after cessation of intake (Kullen et al., 1997; Brigidi et al., 2003; Fujimoto et al., 2008) . Varel et al. (1995) tracked a cellulolytic bacterium infused into the terminal ileum of pigs and were unable to detect it in feces at 24, 48, or 72 h after infusion; however, no measure of animal performance or nutrient utilization was reported. The main focus of feeding probiotics to pigs has historically been to decrease incidence of diarrhea in weaning pigs (Lallés et al., 2007) . Our discussion will focus on use of probiotics in growing and fi nishing pigs, and sows. In our study, pigs quickly adapted to taking bacteria in the glycerol preparation, averaging <1 min to consume 20 mL of glycerol-bacteria solution. This prevented the loss of viable bacteria due to oxygen exposure.
Because our primary goal was to determine whether any of the fi ber-fermenting bacteria affected performance, blood metabolites, and nutrient digestion, we compared individual treatments using least squares means/preplanned contrast comparison. Based on this analysis, Bacterium B decreased fecal output and increased fi ber digestibility (Tables 3 and 4) . Overall, ADFI did not differ among the bacterial treatments. Average daily gain increased (P ≤ 0.10) in pigs fed Bacterium D and decreased in pigs fed Bacterium C, whereas pigs fed Bacterium B were intermediate between no bacterium and pigs fed Bacterium D (Table 3) , with a decrease in G:F only in pigs fed Bacterium C. Other studies reported increased ADG and G:F in growing and fi nishing pigs (Davis et al., 2008; Meng et al., 2010) when pigs were fed Bacillus subtilis probiotics, with either Bacillus lichenformis or Clostridium butyricum. Feeding Bacterium B to pigs resulted in decreased (P ≤ 0.10) fecal output by 19.8% (both as is and DM) when compared with pigs fed no bacterium and other treatments; regardless of diet type (-199.7 and -130 .1 g/d, control and high fi ber, respectively). In fact, on the high fi ber diet, pigs fed Bacteria C (979.9 g/d) and D (969.7 g/d) exhibited an increase (P ≤ 0.10) in fecal output when compared with pigs fed no bacterium (852.3 g/d, SEM = 108.9 g/d). In the current experiment, feeding fi ber-fermenting bacteria to pigs had a tendency to increase BW gain (P = 0.13), decrease fecal output (P= 0.18), and decrease fecal output/feed intake (P = 0.16).
Cholesterol concentration in the blood increased (P < 0.05) by feeding fi ber-fermenting bacteria. Plasma glucose and cholesterol concentrations increased in pigs fed Bacterium B compared with pigs fed no bacterium and Bacterium C or D, although glucose concentration was intermediate for pigs fed Bacterium C (Table 3) . de Rodas et al. (1996) fed a Lactobacillus acidophilus to growfi nish pigs and reported a decrease in serum cholesterol concentrations compared with no probiotic. In sows, inclusion of a Bacillus lichenformis and Bacillus subtilis product in feed did not alter cholesterol concentrations in blood at 1 d postpartum; but by 15 d postpartum, pigs fed the probiotic treatment had greater cholesterol concentration than pigs fed no probiotic (Alexopoulos et al., 2004) . Additional measures indicated that sows on the probiotic treatment had enhanced energy status, as sows lost less weight during lactation. Although the number of live piglets per litter born did not differ, the number of weaned piglets per litter and piglet BW were greater and preweaning mortality was less in piglets born from sows that received the probiotic. It is not surprising that our data differ from these probiotic results because we fed 3 Bacteroides strains that were selected based on their fi berfermenting abilities, rather than immunological effects. The cholesterol concentrations likely are due to the same mechanisms seen with feeding high fi ber diets; increasing availability and absorption of SCFA. The increase in glucose concentration may result from increased availability of sugars from the fermentation of fi ber by Bacterium B in the small intestine.
Crude protein and ADF digestibilities increased (P ≤ 0.10) in pigs fed Bacterium B, compared with no bacterium, whereas pigs fed Bacterium C and D were intermediate (Table 4) . No effects of bacterial treatment on other nutrient digestibilities were noted. Meng et al. (2010) reported increased nitrogen and energy digestibility in growing pigs fed a Bacillus subtilis and Clostridium butyricum probiotic, whereas only nitrogen digestibility increased in fi nishing pigs. By contrast, fi nishing pigs fed either of 2 Bacillus probiotics (species unspecifi ed) had no changes in DM or nitrogen digestibility (Kornegay and Risley, 1996) , compared with pigs fed no probiotic. The increase in CP digestibility in our experiment was small and may have resulted from the release of proteins associated with the fi ber fraction of the diets. The increase in ADF digestibility without a comparable increase in NDF digestibility is likely due to the inclusion of soybean hulls, which are readily digested by pigs and have high cellulose content (35 to 50% cellulose; Kornegay, 1978 Kornegay, , 1981 .
The use of exogenous carbohydrase enzymes, rather than live bacteria, to increase digestibility and energy supply has been the primary method studied for improving fi ber utilization in pigs. Use of these enzymes targets the release of sugars from the fi ber in the small intestine for absorption by the pig. The majority of research has focused on β-glucanase and xylanase, or a combination of both enzymes, but results vary widely in their impact on animal performance or nutrient digestibility. Lastly, most studies identifi ed various fungi (primarily Trichoderma, Table 1 . 2 Main effects of diet (control vs. high fi ber), fi bro = no bacterium (A), fi ber-fermenting bacteria (B, C, and D), and group (intact and cannulated). 3 Contrasts are 1 = no fi ber-fermenting bacteria vs. all fi ber-fermenting bacteria, and 2 = cellulolytic fi ber-fermentation bacteria vs. xylanolytic fi ber-fermenting bacterium.
a-c Numbers in the same row with different superscripts differ at P ≤ 0.10.
Penicillium, and Aspergillus) as the source of carbohydrase enzymes. Positive effects of exogenous enzyme addition have been demonstrated when cereal grains, such as barley, oats, wheat, and rye, are included in diets, compared with corn-based diets, and when supplemented to weanling pigs vs. growing and fi nishing pigs. In weanling pigs, improvements in apparent ileal digestibilities of nitrogen and carbohydrate fractions were the most common positive effects of enzyme addition (Inborr et al., 1993; Vahjen et al., 2007; Kiarie et al., 2007) . Results for growing and fi nishing pigs included improved digestibility of carbohydrate fraction, DM, CP, and energy (O'Connell et al., 2006; Nortey et al., 2008; O'Shea et al., 2010; Reilly et al., 2010) . The use of a 3 enzyme-blend (mannanase, xylanase, and cellulase), supplemented-wheat (DDGS) diet formulated with 4% reduced DE increased ADG and G:F, and apparent total tract digestibility of DM, CP, GE, and ether extract in growing pigs to levels comparable with pigs fed diets with DE at recommended levels (Emiola et al., 2009) . Enzyme supplementation increased ileal digestibility of GE, DM, and OM in fi nishing pigs fed diets with either 15% or 30% wheat DDGS, as well as the digestibility of threonine, proline, and serine (Emiola et al., 2009) .
In pigs fed corn-soybean meal-based diets, β-mannanases have been studied most frequently and generally improve animal growth performance in growing and fi nishing pigs (Pettey et al., 2002; Fang et al., 2007) , whereas in nursery pigs, G:F was improved (Kim et al., 2003) . Apparent total tract digestibilities of DM, GE, CP, and fi ber were increased in corn-soybean mealbased diets when β-mannanases were supplemented to growing pigs (Fang et al., 2007; Ji et al., 2008) . Fecal DM output decreased with β-mannanase supplementation (Ji et al., 2008) . Yoon et al. (2010) fed corn DDGS with a β-mannanase to grower and fi nisher pigs, and demonstrated an increase in ADG across 4 experiments. In fi nisher pigs, apparent total tract digestibilities of DM, GE, and CP increased with enzyme inclusion; in grower pigs, there was an increase in DM and CP digestibility. Grower pigs had increased blood glucose, whereas fi nisher pigs had increased blood glucose and cholesterol when β-mannanase was included in corn DDGS diets (Yoon et al., 2010) .
Dietary Treatment Effects
Inclusion of soybean hulls and corn DDGS to increase fi ber content of the diet resulted in increased fecal output (595.0 and 886.2 g/d, SEM = 44.4 g/d, control and high fi ber diets, respectively), compared with pigs fed the control diet, with no other effects on animal performance (Table 3) . Increasing fi ber content of diets fed to pigs has been demonstrated to increase fecal output (Shriver et al., 2003; Serena et al., 2008; Ziemer et al., 2009) . Several studies reported decreased performance with increased dietary fi ber content (Varel et al., 1984 , Owusu-Asiedu et al., 2006 Weber et al., 2010) , whereas others found no effect of increasing fi ber content on performance (Shriver et al., 2003; Weber et al., 2008) . Xu et al. (2010) demonstrated decreased ADFI with inclusion of corn DDGS at 20% and 30%, compared with 0% and 10% inclusion. This resulted in improved G:F due to maintenance of BW gain on the higher DDGS diets.
Both triglycerides (19.4 and 26.2 mg/dL, SEM = 1.3 mg/dL, control and high fi ber diets, respectively) and cholesterol (75.4 and 90.9 mg/dL, SEM = 2.0 mg/dL, control and high fi ber diets, respectively) concentrations in blood increased in pigs fed the high fi ber diet, compared with pigs on the control diet, with no effects of diet type on blood glucose or insulin concentrations. Mixed results have been reported for blood metabolites. Pigs fed 20% alfalfa meal had decreased serum cholesterol compared with those fed without the additional fi ber (Pond et al., 1981) , whereas addition of purifi ed cellulose to pig diets at 2%, 10%, and 18% has been shown to result in a Table 1 . 2 Main effects of diet (control vs. high fi ber), fi bro = no bacterium (A), fi ber-fermenting bacteria (B, C, and D), and group (intact and cannulated). 3 Contrasts are 1 = no fi ber-fermenting bacteria vs. all fi ber-fermenting bacteria, and 2 = cellulolytic fi ber-fermentation bacteria vs. xylanolytic fi ber-fermenting bacterium.
linear increase of plasma cholesterol (Gargallo and Zimmerman, 1981) . Kreuzer et al. (2002) reported decreased serum cholesterol concentrations when levels of fermentable fi ber were increased in growing pigs but observed no changes in triglyceride concentrations. By contrast, addition of corn DDGS to grower and fi nisher diets did not affect blood cholesterol, glucose, and triglyceride concentration (Yoon et al., 2010) . Weber and Kerr (2012) found no differences in serum cholesterol or glucose, but observed a trend for increased triglycerides when growing pigs were feed increased fi ber from beet pulp or wheat bran. Triglyceride concentrations in blood were decreased when fi ber was added to diets of growing pigs (Leclere et al., 1993) . Feeding increased levels of fi ber did not affect blood glucose concentrations (Leclere et al., 1993; Owusu-Asiedu et al., 2006; Yoon et al., 2010) . The greater concentrations of plasma cholesterol and triglycerides in our study likely refl ects the change in energy status of animals fed the high fi ber diet due to increased microbial SCFA production and host absorption that occurs with the ingestion of fi ber in pigs (Giusi-Perier et al., 1989) . The SCFA absorbed in greatest quantity from the intestine is acetate (Giusi-Perier et al., 1989) , which is a precursor for endogenous cholesterol synthesis. Regarding increased plasma triglycerides, we recently observed that feeding increased levels of dietary fi ber to pigs is associated with increased fasting-induced adipose factor mRNA levels in the colon (Weber and Kerr, 2012) . Fasting-induced adipose factor is a lipoprotein lipase inhibitor (Yoshida et al., 2002; Mandard et al., 2006) and its upregulation with dietary fi ber may decrease the clearance of circulating triglycerides. Feeding high fi ber diets increased apparent total tract digestibility of NDF (26.5% and 57.0%, SEM = 3.0%, control and high fi ber, respectively), ADF (38.6% and 50.4%, SEM= 1.6%, control and high fi ber, respectively), and S (70.2% and 76.0%, SEM = 0.7%, control and high fi ber, respectively), but decreased apparent total tract digestibility of CP (81.9% and 76.0%, SEM = 0.5%, control and high fi ber, respectively) and C (82.1% and 78.9%, SEM = 0.4%, control and high fi ber, respectively), when compared with control diet. Generally, when fi ber content of the diet is increased, apparent digestibilities of DM, OM, CP, and GE are decreased (Gargallo and Zimmerman, 1981; Le Goff et al., 2002; Owusu-Asiedu et al., 2006; Urriola and Stein, 2010) in sows or growing pigs. The effects of fi ber content on fi ber digestibility depend on the type and level of dietary fi ber. Wheat fi ber (midds or bran) addition to diets of sows decreased both NDF and ADF digestibilities, whereas corn bran and sugar beet pulp inclusion resulted in increased ADF digestibility, with no change in NDF digestibility when compared with a corn-soybean meal control (Collings et al., 1979; Le Goff et al., 2002) . Moore et al. (1988) found decreased digestibility of fiber components when oat hulls and alfalfa meal were included in diets for growing pigs, but fi ber digestibilities increased when soybean hulls were fed. More recently, it was found that corn DDGS inclusion in diets of growing pig reduced fi ber digestibility (Urriola and Stein, 2010) . Using mixed feeds, Serena et al. (2008) fed sows diets with high levels of soluble (i.e., pectins and β-galactins) and insoluble fi ber (i.e., cellulose and hemicelluloses). While both diets decreased OM digestibility, inclusion of greater soluble fi ber did not affect CP. High insoluble fi ber decreased CP digestibility and both fi ber types increased total nonstarch polysaccharide and cellulose digestibilities. The increase in NDF and ADF digestibilities we observed may be accounted for by inclusion of soybean hulls, which are a relatively high digestible fi ber source in pigs (Kornegay, 1978 (Kornegay, , 1981 in the high fi ber diet, whereas the increase in S digestibility can be accounted for by inclusion of corn DDGS, which are relatively high in S.
Group Effects
The effect of group was signifi cant for nearly all measures (Tables 3 and 4 ). The second group of pigs had cecal cannulas, so we could obtain samples of cecal digesta during the collection period. Unfortunately, in these animals, digesta was obtained from less than half of them during the experiment; thus, we were unable to determine whether the bacteria fed were in the cecum. It was later discovered that most of the cannulas had been misplaced in the proximal colon. This, plus the fact that the random assignment of animals to groups and treatments resulted in pigs with lower average starting weights in the second group, contributed to the high statistical signifi cance (P ≤ 0.05 for most measures) of group effect.
Conclusions
This is the fi rst report of improved nutrient digestibility and decreased fecal output resulting from feeding a live bacterium to pigs. While not signifi cant, ADG and G:F were numerically greater in pigs feed Bacterium B. This, coupled with the higher concentrations of glucose and cholesterol, indicates that the energy status of pigs was improved when they consumed Bacterium B. While daily preparation and feeding of a bacterial culture is not practical in current production systems, the bacterium could be fed in a liquid supplement. Other methods of feeding, such as freeze dying the culture for inclusion in mixed feed, should to be explored and tested for effi cacy. Successful application of this bacterial treatment could result in improved pig performance and decreased manure volumes, both of which would improve producers' profi tability and decrease the environmental footprint of pork production.
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